Introduction
Dislocation of the hip is a well-described event that occurs in conjunction with highenergy trauma or postoperatively after total hip arthroplasty. Hip dislocations are commonly classified according to the direction of the dislocation of the femoral head, either anterior or posterior. Generally, closed reduction is the initial method for treatment and usually occurs in the emergency department (ED). Native hip dislocation necessitates emergent reduction because of the concern for chondrolysis. 1 Bigelow first described closed treatment of a dislocated hip in 1870, [2] [3] [4] and in the last decade many reduction techniques have been proposed. Each method has unique advantages and disadvantages.
Anterior hip dislocation is commonly reduced by in-line traction and external rotation, with an assistant sometimes pushing on the femoral head or pulling the femur laterally to assist reduction. 19 For the most common dislocation, the posterior dislocation, Allis described the commonly used method: applying longitudinal traction with internal rotation to the hip. 18 In this article, we review all published techniques for reduction of hip dislocation and offer a new technique for posterior hip dislocation that offers increased compliance with back safety recommendation by the Occupational Safety and Health Administration (OSHA) and allows the physician to stay low and stable when entering the bed with the patient.
Methods
We conducted a systematic review of publications on the reduction of hip dislocations. An initial search of the MEDLINE database provided a basis for the articles on reduction of the hip. We also conducted extensive manual searches of major orthopedic journals, major orthopedic texts relating to hip dislocations, and bibliographies of the previously found orthopedic texts and books to find relevant articles. We reviewed each article to ensure it described detailed reduction maneuvers or introduced a novel maneuver. We then reproduced and evaluated the techniques and made each into a line drawing for display. We also systematically reviewed OSHA workplace safety articles and policies for incorporation into the discussion.
Maneuvers
While there are many details and particulars to reducing hips, this article provides a brief overview and illustration of the methods described in the literature. Prereduction roentgenograms are necessary to clearly diagnose the dislocation and look for concomitant injury. In each case, intravenous sedation is usually required for patient comfort and to relax the large muscles surrounding the hip.
Reduction of posterior dislocations
For posterior dislocations, the principles of reduction are flexion, internal rotation, and adduction of the hip. Each of the maneuvers described below uses these principles as the basis of their mechanics.
Allis maneuver
The patient is placed in the supine position, and the physician usually enters the bed with the patient; however, standing beside the bed is advised. The surgeon grasps the ipsilateral leg at the knee and flexes the knee to 90 degrees. While an assistant stabilizes the pelvis against the bed, the physician applies traction in line with the femur while flexing the hip up to 90 degrees by grasping the patient's knee ( Figure  1 ). According to Allis's original description, no rotation is performed. As the hip reduces, the physician gently extends the hip and externally rotates the leg to allow the femoral head to enter the acetabulum. 18 
Bigelow maneuver
The patient is placed in the supine position. The physician grasps the ankle of the affected leg with one hand and places his/her opposite forearm under the patient's knee. The hip is flexed to 90 degrees, ensuring the affected leg is kept in an adducted and internally rotated position ( Figure 2 ). While an assistant stabilizes the pelvis with downward pressure, the physician applies traction in line of the femur while abducting, externally rotating, and extending the affected hip. [2] [3] [4] The preferred method for physician safety is to perform this maneuver while standing at the side of the bed; however, at times, entering the bed is a necessity.
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Lefkowitz maneuver
Described in 1993, this technique calls forthe patient to be placed in the supine position on the gurney. The physician stands on the affected side, placing his/her knee closest to the hip under the patient's ipsilateral knee in the popliteal fossa and placing his/her foot on the gurney. The physician then flexes the patient's leg over his/her knee by applying a downward force on the patient's lower leg until the hip is reduced. One of the physician's hands is on the patient's lower anterior thigh and the other hand applies the downward force at the patient's ankle (Figure 3 ). 6 
Captain Morgan maneuver
Described in 2011, this technique calls for the patient to behe patient is placed in the supine position on a backboard on a gurney with the pelvis strapped to the board. The physician stands on the side of the gurney of the affected hip and places his/her foot closest to the hip on the backboard and flexes the patient's affected leg over his/her own thigh, close to popliteal fossa. The physician grasps the ankle of the affected leg with one hand and places the opposite hand underneath the patient's affected knee. The physician then plantar flexes his/her own foot under the patient's affected leg while applying upward traction with the hand behind the affected knee ( Figure 4 ). Internal and external rotation, adduction, and abduction can be applied using the hand grasping the ankle until reduction is achieved. The differences between this maneuver and the Lefkowitz maneuver include use of a backboard and the hand being placed under the patient's knee, not on the lower anterior thigh. 20 
East Baltimore Lift maneuver
The patient is placed in the supine position on the gurney. The physician stands on the side of the affected hip, with the assistant on the opposite side of the patient. The physician and assistant, while slightly flexing their own knees, place their arms beneath the knee of the patient's affected hip and rest their hands on each others' shoulders. The physician or assistant uses his/her free hands to stabilize the pelvis. A second assistant at the foot of the gurney applies a downward leveraging force on the ankle while the physician and first assistant concomitantly apply an upward force in line with the femur by extending their knees ( Figure 5 ). This action should lead to a reduction of the dislocated hip. The physician can also apply adduction, abduction, and internal and external rotation using the patient's ankle until reduction is achieved. If no second assistant is available, the physician uses his/her arm closest to the affected hip as the fulcrum and places the arm farthest from the affected hip on the ankle of the patient's affected leg. While the assistant stabilizes the pelvis, the physician and assistant then apply traction to the affected femur by extending their legs (not pictured). 21 
Howard maneuver
The patient is placed in the supine position. The physician and assistant stand on the side of the affected hip. The affected hip is flexed to a 90-degree angle. The assistant applies a lateral traction force on the thigh of the affected side ( Figure 6 ). If available, a second assistant can stabilize the pelvis against the bed (not pictured); however, if a second assistant is not available, the first assistant can help to stabilize the pelvis. The physician, while holding the lower leg by grasping the knee, then applies traction in line of the femur and uses internal and external rotation until reduction is achieved. 9 Preferably, the physician stands on the side of the bed, rather than entering the bed. Entering the bed, however, is necessary at times.
Lateral traction method
The patient is placed in the supine position on the gurney. An assistant wraps a sheet around the inner thigh of the patient's affected leg. The physician applies longitudinal force along the length of the femur, while the assistant using the sheet provides lateral traction until reduction is achieved ( Figure 7 ). Internal rotation is used as necessary. 5 
Piggyback method
The patient is placed in the supine position at the end of the gurney. The patient's affected leg is flexed at the hip and the patient's knee is placed over the physician's preferred shoulder (Figure 8 ). Using the shoulder as fulcrum, the physician applies a downward force on the patient's tibia until reduction is achieved. A variant of this maneuver is to place both of the patient's legs on the physician's shoulders. 8 
Tulsa technique/Rochester method/Whistler technique
The patient is placed supine on the gurney with both legs flexed. While standing on the side of the affected hip, the physician uses his/her arm closest to the head of the bed to hold the patient's knee on the unaffected side so the patient's leg on the affected side is flexed over the physician's forearm. The physician places his/her other hand on the ankle of the patient's affected leg. The physician applies downward traction using the ankle and a combination of internal and external rotation to reduce the hip (Figure 9 ). 5, 15, 17, 22 
Skoff maneuver
The patient is placed in the lateral decubitus position with the affected leg facing up. The assistant positions the affected leg into 90-100 degree hip flexion, 40-45 degree internal rotation, and 40-45 degree adduction and flexes the knee to 90 degrees. The assistant then leans back, providing a lateral traction in line of the femur (Figure 10 ). At the same time, the physician palpates the deformity in the gluteal region (not pictured) and pushes the femoral head until reduction into the acetabulum is achieved. 7 
Stimson gravity maneuver
The patient is placed in the prone position with the lower limbs at 90 degrees flexion over the edge of the gurney. The physician flexes the knee to 90 degrees and applies a downward force on the lower leg while using the ankle to apply internal and external rotation until reduction in achieved ( Figure 11 ). 10 Alternatively, the physician can use his/her knee to apply the downward force in the popliteal fossa of the patient's affected leg. 13 While this technique uses gravity as a reduction aide, positioning the patient partially off the bed requires a great deal of caution because the patient must be sedated for a hip reduction. The patient must be protected from falling off the bed, and the patient's airway must be monitored because s/he is in the prone position while sedated.
Traction counter maneuver
The patient is placed in the lateral decubitus position with the affected leg up. An assistant positions the affected leg into hip flexion, internal rotation, and adduction and flexes the knee to 90 degrees in a manner similar to the Skoff method. Standing within a looped strap, the assistant places the strap around the patient's groin and over the iliac crest. The physician stands in a separate looped strap and places it around the patient's knee. The physician then leans back against the looped strap, providing a lateral traction in line of the femur, while manipulating the affected leg with his/her free hands. At the same time, the assistant leans back against his/her looped strap, providing a lateral traction force, palpates the deformity in the gluteal region, and pushes the femoral head until reduction into the acetabulum is achieved (Figure 12 ). 23 
Flexion adduction method
The patient is placed in the supine position and is under general anesthesia. Standing on the unaffected side of the patient, the physician lifts the affected leg into flexion and maximum adduction while pulling traction in line with the femur. An assistant stabilizes the pelvis and provides manual pressure to the head of the femur toward the acetabulum ( Figure 13 ). 
Foot-fulcrum maneuver
The patient is placed supine on the bed, and the physician sits on the bed at the patient's feet. The physician gently flexes the affected hip as much as possible, moving the femoral head more posteriorly and reducing the chance of the femoral head getting stuck on the acetabular rim. The physician places his/her inner foot against the anterior aspect of the patient's affected ankle and his/her outer foot on the posterolateral aspect of the patient's hip to attempt to palpate the femoral head ( Figure 14) . Next, the physician grasps the flexed knee on the patient's affected side and leans backward, using his/her feet as the fulcrum and giving a longitudinal traction in line with the femur. If necessary, the physician can internally rotate as needed by leaning from side to side. 25 
The Waddell technique
This maneuver uses the principles of the Allis and Bigelow maneuvers, with a modification that relieves the strain normally placed on the back. The reduction is performed with an assistant holding the patient's pelvis down on the bed. The physician hovers over the patient and bends into position with the patient's affected leg between his/her legs. The physician places his/her forearm behind the knee of the affected hip so the patient's lower leg and foot are draped over the forearm and rest between his/her legs. The physician rests his/her forearm across his/her knees so the elbow is on one knee and the hand/wrist is on the other. Keeping the back straight, the physician hugs the patients' knee close to the chest. The patient's hip is flexed between 60 to 90 degrees and the knee is flexed to 90 degrees. This position places the physician at a mechanical advantage by holding the leg of the patient's affected hip steadily from behind the knee with the forearm locked across the knees and the patient's knee tucked close to the physician's chest (Figures 15) . The surgeon then gently leans backward using only his/her feet to pivot, pulling traction through the patient's knee with the force exerted by the surgeon's forearm that is locked on his knees. This gives a steady and gentle, yet forceful, traction on the patient's femur. Minimal strain is placed on the physician's back, and the physician stays low and stable while on the bed with the patient. The physician then can adduct and internally rotate by leaning and rotating, as necessary. We advise using the lateral forearm to wrap under the patient's knee when attempting reduction. The opposite arm can be used to add traction by pushing off the assistant holding the pelvis or by pulling on the end of the bed behind the physician. A palpable clunk alerts the physician that the hip has been reduced. The leg is then rested in extension, and postreduction roentgenograms are taken to confirm reduction.
Reduction of anterior dislocations
Anterior dislocations require the same inline traction on the femur; however, flexion of the hip is not usually possible because the femoral head is resting on the anterior surface of the pelvis in most cases. Two types of anterior dislocation are described: obturator dislocation 26 and pubic dislocation. 27 Each require slight variations in technique but usually require hip extension, in-line traction, and external rotation for reduction. For the pubic dislocation, flexion of the hip is not usually possible and hyper-extension and in-line traction is required. 27 The obturator dislocation is usually reduced with hip flexion, adduction and external rotation. Once the head is unlocked from the obturator foramen, axial traction is applied. 28 All the methods described below use these basic principles. Again, as in posterior hip dislocations, roentgenograms are necessary to confirm dislocation and position. Furthermore, as stated in the posterior section, physicians should be wary of and look for concomitant injury, as anterior dislocations are usually high-energy injuries. Departmentspecific sedation is required for patient comfort and to overcome the strong surrounding hip muscles. Pictures of the reductions for anterior dislocations are not included as they are performed in a similar manner as posterior dislocations.
Allis leg extension method
With the patient in the supine position, the physician either enters the bed or stands beside it. While an assistant stabilizes the pelvis against the bed, the surgeon grasps the ipsilateral leg at the knee and applies traction in line with the deformity. 18 With this maneuver, the additions noted by Toms, Dawson and Dingley can be applied. [26] [27] [28] These include adduction, external rotation and hip flexion. If the patient has a pubic dislocation, hip hyperextension will be necessary.
Bigelow leg extension method
The patient is placed in the supine position. The physician grasps the ankle of the affected leg with one hand and places the opposite forearm under the patient's knee. While an assistant stabilizes the pelvis with downward pressure, the physician applies traction in line of the femur while adducting, externally rotating, and extending the affected hip. [2] [3] [4] Again, the additional techniques described by Toms, Dawson and Dingley can be applied. [26] [27] [28] The preferred method for physician safety is to perform this maneuver while standing at the side of the bed; however, at times, entering the bed is a necessity.
Lateral traction method
The patient is placed in the supine position on the gurney. An assistant wraps a sheet around the inner thigh of the patient's affected leg. The physician applies longitudinal force along the length of the femur, while the assistant uses the sheet to provide lateral traction until reduction is achieved. External rotation is used as necessary. 5 
Stimson gravity method
The patient is placed in the prone position, with the lower limbs at 90 degrees flexion over the edge of the gurney. The physician flexes the knee to 90 degrees and applies a downward force on the lower leg while using the ankle to apply internal and external rotation until reduction is achieved. 10 Alternatively, the physician uses his/her knee to apply the downward force in the popliteal fossa of the [page 14]
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Experience with the Waddell technique
After IRB approval, 20 consecutive posterior dislocations were reduced using the Waddell technique described above. Patients were met in the ED after consultation by the ED physician. The ED physician provided conscious sedation. All hips were confirmed as posterior dislocations with X-rays and all hips were status post total hip arthroplasty. Once the patient was sedated, the dislocated hip was reduced in the manner described above. Patients were placed in a knee immobilizer or hip abduction brace after reduction. Each reduction attempt was successful on the initial attempt. No periprosthetic fractures or other complications occurred during the reduction attempts. Furthermore, no injuries occurred in the physician performing the reductions.
Discussion
While relatively uncommon in native hips, dislocation is a complication of total hip arthroplasty, seen in approximately 1% of all hip arthroplasties. 29 During the next 15 years, the number of total hip arthroplasties is expected to increase to 572,000 cases per year. 30 With this rapid increase in the number of total hip arthroplasties being performed, the number of dislocations will also increase. Attention to the direction of the dislocation is paramount because both the complications associated with the dislocation and the reduction maneuvers required to reduce it differ.
When a patient presents with suspected dislocation, standard workup should include a history, physical examination, and radiographs. History should include any prior surgical procedures and inciting events for the dislocation. Specific hip movements can help determine the direction of location: anterior dislocations are usually caused by abduction, extension, and external rotation, while posterior dislocations are usually the result of adduction, internal rotation, and flexion of the hip. The physical examination should not only include a neurovascular exam but also an examination of the hip for scars and acute injuries. The scar location can help determine the approach used and may give an indication for the dislocation direction. After the history and physical examination, radiographs will further help determine the presence of dislocation and its direction. When evaluating the radiograph, subtle clues can help determine the location of dislocation. When an anterior dislocation is present, the femoral head is closer to the generator and further from the x-ray film in an anterior to posterior film. This will lead to a magnification of the femoral head. In the opposite manner, a posterior dislocation will lead to a femoral head that is closer to the film and further from the generator, leading to the head appearing smaller. 31 Once the diagnosis and direction of dislocation have been established, reduction should be performed emergently. Depending on the direction of the dislocation, one of the reduction techniques described above can be used. Physician and worksite safety must be taken into account for the reduction. reduction maneuvers require the physician to enter the bed with the patient. Anytime this occurs, the potential for physician harm increases because standing on the mattress is unstable, and performing a high-intensity maneuver from a height has the potential of causing the physician to fall.
Another potential area for physician injury is lumbar strain when applying in-line traction for the reduction. During many reduction maneuvers, the first author noted the significant force and strain upon the back when using the classic Allis and Bigelow maneuvers. Occupational safety literature describes using one's legs to lift heavy loads, while keeping the back straight and hugging the object close to one's body. 32 The newly described Waddell technique shifts the lifting agent from the back to the strong leg muscles and also employs the lever force when pivoting backwards with the physician's feet. As seen in most illustrations and videos of the Allis or Bigelow technique, most physicians performing reductions by leaning over the patient's leg and use their backs to lift. This was the case of the first author; however, in attempting to mitigate the force through the back, the first author began draping the arm used for reduction across his knee and pivoting backward through his feet. This modification allowed the spine to stay straight and hugged the load close to the reducer's chest. Pivoting backward through the feet provides the required force for the reduction. In doing this, strain on the back was significantly reduced and proper ergonomics for heavy lifting were followed. The other authors began using the technique and described a similar reduction in back strain. While it is possible to use the legs to lift using the Allis and Bigelow maneuvers, standing up in the bed should be avoided because of the instability associated with standing on a cushioned bed. This modified technique allows the physician to stay low and stable when required to enter the bed for reduction.
Conclusions
While all of the described techniques are viable for the reduction of dislocated hips, we suggest using this modified technique for posterior hip dislocation to decrease the strain on the reducing physician's back. Furthermore, this maneuver allows the physician to adhere to the back safety principles set forth by OSHA that have been shown to prevent back injury.
